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ABSTRACT
Background  The Chief Information Officer (CIO) and Chief Clinical Information 
Officer (CCIO) are now established senior roles in hospital practice. With increas-
ing emphasis on optimising use of routine health data for secondary purposes and 
research, additional skills are required as part of the senior information officer team, 
particularly in academic health care institutions.
Objective  To present the role of the Chief Research Information Officer (CRIO), 
as an emerging, and important, component of the senior information team.
Method  We review recent publications describing the composition of the senior 
information team, including CIO and CCIO roles, and discuss the development of 
the CRIO as a distinct component of the team, based on the published evidence 
and our experience.
Results  The CRIO is emerging as an additional senior role in academic health-
care  institutions, whose  roles  include  leadership  of  the  informatics  strategy  and 
optimisation of  routine data collection systems for  research data use,  in addition 
to  important  aspects  of  research  data  governance.  Such  individuals  should  be 
senior clinicians with experience  in  informatics,  in addition  to having established 
research expertise and knowledge of  research processes, governance and aca-
demic networks.
Conclusions  The CRIO is emerging as a distinct senior information leadership 
role  in conjunction with  the already established positions of CCIO and CIO, who 
together, can provide optimal oversight of digital activities across the organisation.
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INTRODUCTION
The  impact of developing  technologies on hospital practice 
has resulted in growing recognition that the collection, stor-
age,  presentation  and  analysis  of  patient  and  operational 
data represents an increasingly fundamental function of hos-
pitals.  Furthermore,  research  hospitals,  university  hospitals 
and academic medical centres have  identified  the need  for 
an additional role in carrying out a range of medical research 
studies,  for which  having  the  appropriate  ‘digital  infrastruc-
ture’ and skillset is increasingly essential. For these reasons, 
the  senior  team  required  to  ensure  delivery  of  such  digital 
programmes is evolving and digital infrastructure and exper-
tise  regarding  research  application  should  now  be  viewed 
as a core component of academic hospital centres, essen-
tial  to adequate provision of all other services. We discuss 
how  the  Chief  Information  Officer  (CIO)  leadership  team 
for healthcare  institutions has changed with  time, with par-
ticular emphasis on the emerging role of the Chief Research 
Information Officer (CRIO), based on published studies and 
evidence from our academic centre.
The Chief Information Officer team
The  senior  team  responsible  for  information  communications 
technology (ICT) within the hospital was traditionally the CIO, a 
non-medically qualified professional with expertise in ICT man-
agement,  whose  key  roles  included managing  all  aspects  of 
information  technology  (IT)  resources and policy and practice 
development,  planning, budgeting,  resourcing and  training.1–3 
The CIO has oversight of how IT professionals and non-IT pro-
fessionals should interact in the organisation and has a senior 
strategic role, usually at executive level, regarding things such 
as purchase of IT equipment, decisions on systems and deliv-
ery of the overall ICT strategy. The CIO role is a strategic posi-
tion with a firm operational and technical understanding of both 
technology and hospital processes. The CIO is an essential role 
for all organisations and businesses, but, whilst all of the above 
aspects  equally  apply  to  hospitals,  additional  specific  roles 
are required to support the CIO in a hospital setting due to the 
requirements of the healthcare environment, and in academic 
health institutions internationally, the move is towards a ‘C’ team, 
of CIO, Chief Clinical Information Officer (CCIO) and CRIO to 
adequately fulfil all requirements at this level.
Chief Clinical Information Officer
Whilst the CIO is an ICT focused technical and organisational 
role, the CCIO represents a senior healthcare role with expe-
rience and expertise of  a practising  clinician. The need  for 
hospitals  to appoint CCIOs has been established  for many 
years in some countries, such as the USA, whilst the National 
Health Service (NHS) named its first National NHS CCIO in 
July 2016, with a remit to transform how the NHS uses digital 
technology  specifically  to  improve patient  care.4 The CCIO 
therefore provides  clinical  focus on how  to best  implement 
and benefit from digital technologies in a hospital setting and 
acts as a link between the CIO and ICT team, and the clinical 
teams  in delivering  technology  into  clinical  areas. The CIO 
and CCIO jointly develop optimal ways of implementing any 
technology within  the  organisation  in  a way  that  enhances 
clinical activities and patient care. The CCIO’s main role is to 
improve the healthcare of patients, as well as patient experi-
ence, using information, data and digital technologies.5
However,  appointing  CCIOs  with  appropriate  skills 
and  understanding  remains  challenging,  and  the  general 
lack  of  clinicians  with  detailed  ICT  and  technology  skills 
(Clinical Informaticians) has been highlighted in the recent 
Wachter  report  https://www.england.nhs.uk/digitaltechnol-
ogy/info-revolution/nhs-digital-academy/.6  The  role  of  the 
CCIO is now becoming established, and in the UK, the NHS 
Digital Academy has been launched in 2017 with the aim of 
developing and training the next generation of CCIOs.7
The main roles of the CCIO include change management, 
ensuring clinical adoption and engagement in the use of tech-
nology, supporting clinical process redesign in a digital world, 
providing clinical focus to ICT projects such that they meet the 
needs of the business (in this setting, patient care and hospi-
tal operations), promoting ICT use to improve safety, quality, 
patient and family satisfaction, ensuring efficiency in delivery 
of  care,  integration  with  biomedical  equipment  and  overall 
cost reduction, ensuring standardisation of clinical  terminol-
ogy,  coding  and  compliance.8  In  summary,  CCIOs  provide 
senior physician leadership to guide and support implemen-
tation of electronic health information systems related to the 
delivery of patient care, therefore being a significant role of a 
physician with >10 years clinical experience and at executive 
level. On-going clinical  commitment  is  required  to maintain 
a credible link to clinical practice to engage colleagues and 
experience  first-hand  the  impact  of  change.  Since medical 
diagnosis and  treatments are becoming more complex,  the 
population  is  aging  and  there  are  increasing  financial  con-
straints, there are opportunities to leverage digital technolo-
gies  to standardise and optimise healthcare delivery. A key 
focus of  the CCIOs  therefore  to ensure  that digital projects 
maintain clinical relevance and release benefits.
Chief Research Information Officer
In some CCIO job descriptions, in addition to all of the above, 
an  additional  line  of  further  responsibilities  are  included 
such as  integrating clinical and  research databases, evalu-
ation  of  clinical  decision  support  tools  and  developing  an 
evidence-based clinical informatics service.
It has become readily apparent in many organisations, par-
ticularly  those that  include substantive research as a major 
component of their activity such as research/university hos-
pitals and academic medical centres,    the skills  required  to 
fulfil all aspects of the extended role required of the CCIO are 
not possessed by one individual, and significant time commit-
ments are required to both aspects. Research focus requires 
a  different  set  of  core  skills,  including  a  deeper,  granular, 
understanding of research methodology, study design, data 
syntax and research and data governance.
The role of  the CRIO has  therefore begun to emerge, who 
roles  include design and optimisation  of  clinical  systems and 
platforms  to  support  research  data  acquisition,  facilitation  of 
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embedding research  into clinical care, application of  research 
methodology to all data sources to improve operational delivery 
and optimisation of clinical care, optimisation of secondary use 
of EHR data and aspects of research data governance, compli-
ance and  links  to academia. Furthermore,  the CRIO provides 
senior  leadership  for  the  clinical  informatics  strategy  for  the 
organisation, in terms of linking with university expertise, collab-
oration and training and supervision of junior staff in informatics. 
This CRIO role is presently less well-defined than the CCIO, but 
should similarly be an experienced clinician but one with exten-
sive research experience in addition to knowledge of clinical and 
research ICT systems, data architecture and data governance.
This new role of CRIO, as part of the CIO and CCIO team, is 
now becoming recognised.9 The CRIO role therefore comple-
ments and supports the roles and responsibilities of the CIO 
and CCIO; together all three should act synergistically towards 
a common goal of optimising healthcare delivery through the 
use  of  technology  and  data  driven  insights.  In  this way,  the 
team can adequately have oversight of all ICT related issues 
across the organisation, the CIO from a technical, political and 
operational  perspective,  the  CCIO  from  the  perspective  of 
clinical care, pathways and patient experience, and the CRIO 
from  the perspective of  optimising digital  health  systems  for 
research use and ensuring that data are collected and used to 
maximise benefit.
DISCUSSION
C-team evolution
The ‘three Cs’ team have a range of roles including early adoption 
and championing of new technology, through research activity, 
expertise with applied systems and organisation wide change 
management  tasks  including  staff  engagement  and  transfor-
mation. The requirements of these clinical informatics roles are 
beginning to be recognised by organisations, for example, the 
American  Medical  Informatics Association  provides  guidance 
regarding proposed CCIO knowledge, education, skillsets and 
operational  scope,  emphasising  that  these  roles  are evolving 
with need for future workforce training and education.8
The history of the CCIO is well described. The term was first 
formally defined by healthcare recruiters around 20 years ago 
being a senior physician  leader  in health  IT.10 However, only 
around  a  third  of  CIOs  employed  Chief  Medical  Information 
Officers a decade ago, increasing to around three quarters by 
2012.5,8,11,12 Analogous to CIOs, CCIOs are starting to estab-
lish both formal and informal networks pooling knowledge and 
sharing experiences. Such networks are invaluable in helping 
the CCIO develop  their  skills and knowledge by  tapping  into 
other individuals that are established in the role. A similar net-
work of support and capability does not yet exist  for CRIO’s, 
although it is likely that this will develop.
The CRIO role at present remains less well established but 
with  increasing  recognition  of  its  importance  and  function. 
Job  descriptions  from  selected US  institutions,13–15  include 
functions such as:
 • directing and overseeing research informatics 
activities across the organisation (which may or 
may not include acting as Director of a ‘Centre’ for 
informatics)
 • coordinating clinical research informatics activities 
between academic and clinical components
 • ensuring that clinical informatics systems support 
research objectives, including aspects of research 
data governance
 • support for researchers to translate their needs into 
technical designs and informatics solutions
 • connecting faculty with clinical data to advance 
biomedical research
 • identifying and leading innovations in research IT and 
research informatics
As  clinical  experience  and an  on-going  practice  are  rec-
ommended  for  successful  delivery  of  the  CCIO  role,  it  is 
emphasised  that  the CRIO  role  is also a  senior  leadership 
position such that CRIOs should ideally be established aca-
demics with experience in biomedical informatics, biomedical 
research, electronic health  records, clinical data warehous-
ing, clinical medicine, scholarly publication and presentation, 
research  governance  and  attracting  research  funding  and 
academic teaching.
The emerging role of the CRIO is thus becoming increas-
ingly  recognised  internationally  with  the  general  moves 
towards  more  data-intensive  healthcare  and  research.9 
A  recent  survey  in  the  United  States  reported  that  CRIOs 
come  from  a  range  of  academic  backgrounds,  with  varied 
experience  in  biomedical  informatics.  In  this  study,  ensur-
ing adequate  funding,  issues around data governance and 
advancing data analytics were described as the major chal-
lenges they faced.9
The CRIO should work with the CCIO and CIO in devel-
oping and evaluating the various forms of technology which 
may impact clinical care, such as clinical decision support, 
which  will  be  increasingly  used.  The  CRIO  should  bring 
academic method and rigour to develop and evaluate such 
systems,  whilst  the CCIO  should  determine  how  decision 
support tools are best used in clinical pathways and evalu-
ate their uptake and utility in practice. The CIO retains over-
sight of all ICT developments and strategies and is primarily 
responsible for the information infrastructure, organisational 
procedures  and  overall  strategy  relating  to  all  information 
systems.  For  example,  as  part  of  a  recent  large  procure-
ment process for an electronic patient record system at our 
centre, evaluation of a complementary research and analyt-
ics platform required experience of use of ‘real-world’ health 
data  for academic purposes  in addition  to an understand-
ing of data analytic tools and components, which could be 
provided by the CRIO, but  in  the context of  the wider CIO 
team,  to  ensure  an  appropriate  solution  aligned  with  the 
wider programme.
In the UK, very few formal CRIO roles currently exist but 
based on  international experience, and several  recent gov-
ernment  documents  emphasising  the  importance  of  digital 
health for future research, this is likely to change and there 
is now both an opportunity and need to formalise the optimal 
composition and requirements of the ‘C’ team for academic 
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healthcare  institutions  based  on  this  emerging  model.16,17 
This  is  likely  to be of particular  importance with recognition 
of the increasing need for expertise in aspects of data gover-
nance for research use, especially in light of current develop-
ments such as the UK National consultation on use of data 
and consent, and the impact of the General Data Protection 
Regulations on medical research. These complimentary but 
synergistic roles will therefore be essential for the future suc-
cessful creation of digital research hospitals.
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